The rotational Zeeman effect of 1,3-difluorobenzene and 3-methylfurane has been studied at magnetic fields close to 25 kG. From the splittings of the rotational transitions the diagonal elements of the molecular g-tensors and the anisotropics of the diagonal elements of the magnetic susceptibility tensors have been determined as: The rotational spectra of 1,3-difluorobenzene and of 3-methylfurane are well known from earlier microwave spectroscopical investigations 2 . In the following we report the results of a rotational Zeeman-effect investigation carried out in order to get more information on substitution effects on the magnetic susceptibility anisotropics of small aromatic molecules 3~5 .
The rotational spectra of 1,3-difluorobenzene and of 3-methylfurane are well known from earlier microwave spectroscopical investigations 2 . In the following we report the results of a rotational Zeeman-effect investigation carried out in order to get more information on substitution effects on the magnetic susceptibility anisotropics of small aromatic molecules 3~5 .
of the Zeeman-microwave-spectrometer may be found in References 8 ' 9 . All spectra were taken at sample pressures close to 10 mTorr and at temperatures close to -60 °C. Observed linewidths which are essentially due to collision broadening were on the order of 100 to 150 kHz. The measured zero field frequencies and shifts of the Zeeman satellites with respect to the zero field frequencies are listed in Tables 1 and 2 .
Experimental
The 1,3-difluorobenzene sample has been obtained from EGA-Chemie and was used after a vacuum destillation without further purification. 3-Methylfurane has been prepared from 4,4-dimethoxy-2-butane and methylchloracetate by a method described by Burness 6 ' 7 . The spectra were recorded with a conventional Stark-effect modulated microwave spectrometer equipped with an electromagnet of 2.5 m gap length. The effective cell length was reduced to 1.8 m in order to avoid the inhomogenious regions at both ends of the gap. A frequency of 33 kHz was used for the square wave Stark-effect modulation field. Details of the design
Analysis of the Zeeman-splittings
The standard effective Hamiltonian of a rigid rotor molecular rotating in an exterior magnetic field given by Eq. (I) 10 was used for the analysis of the Zeeman splittings. J t =(Jfl,J^Jr) = one row matrix corresponding to the rotational angular momentum vector measured in units of h and referred to the molecular principal inertia axes system (a, b, c). Super t denotes the transposed matrix. = 1 e h/2 Mp c = nuclear magneton. g = 3 by 3 matrix corresponding to the molecular ^-tensor, g^ denotes the complex conjugate of the transposed (/-matrix (g is not hermitian). Z = 3 by 3 matrix corresponding to the molecular magnetic susceptibility tensor.
Equation (1) results from a second order perturbation treatment within the electronic states 11 which also leads to the theoretical expressions for the rotational constants and the g-and ^-tensor elements.
Since at fields close to 25 kG J-Jff and Jix lead to matrix elements which are on the order of 10~3 smaller than those of !Hrot, a first order perturbation treatment within the asymmetric top basis \j,r,M) (in which !Hrot is diagonal) is sufficient to reproduce the Zeeman splittings within the experi- Table 3 . ^-values, magnetic susceptibility anisotropics and rigid rotor rotational constants of 3-methylfurane and m-difluorobenzene fitted to the splittings and zero field frequencies resp. given in Tables 1 and 2 mental uncertainties. This leads to a first order Zeeman contribution to the rotational energy levels as given in Equation (2) 12 . Equation (2) may be used not only for difluorobenzene but also for 3-methylfurane even though internal methyl top rotation is present in this molecule and causes a splitting of the rotational absorption lines into A,E-doublets 13 ' 14 of equal intensity with a spacing typically on the order of 1 MHz. The E-type components stem from molecules in which the methyl top may be regarded to "tunnel" clock-wise or counter-clockwise through the potential barrier, while the A-type components stem from molecules in which the tops may be regarded "at rest" with respect to the potential wells. In molecules with extremely low barriers such as CH3N02 and CH3BF2 internal methyl top rotation indeed becomes evident also in the Zeeman spectra 15 ' 16 . In 3-methylfurane however with V s = 1.19 kcal/mole 17 the barrier is sufficiently high so that internal rotation may be neglected as far as the Zeeman fine structure is concerned 18 . Thus, within the experimental uncertainties of a microwave experiment, the Zeeman satellite patterns consist of two superimposed identical multiplets with splittings governed by Eq. (2), one multiplet originating from the A-and the other from the E-zero field frequency.
Through Eq. (2) each measured Zeeman satellite leads to a linear equation with g aa , g^b •> 9cc ? 2 Xaa -Xbb -Zee and 2 Xbb~Xcc-Xaa as unknowns. A least squares fit of these molecular parameters to Table 4 . Molecular quantities derived from the experimental data given in Table 3 the geometries of the nuclear frames and the bulk magnetic susceptibilities. Quoted uncertainties follow from standard error propagation. the observed frequency shifts gives the results presented in Table 3 ; in addition the measured bulk magnetic susceptibilities and the experimental rigid rotor rotational constants which enter into the subsequent analysis of the Zeeman data are listed in this Table. Table 4 gives a list of derived quantities which follow from the experimental values listed in Table 3 
In this Equation yjaa, y}£>are the diagonal elements of the atomic susceptibility tensor in its principal axes system, which is assumed to be oriented with respect to the bonds as illustrated in the first column of Table 5 . cos(az^) etc. is the direction cosine between the atomic x-axis and the a-principal inertia axis of the molecule etc. In Table 6 the local
Discussion
In the following we will discuss briefly the effects of F-and CH3-substitutions on the magnetic susceptibilities. As was pointed out first by Flygare and coworkers 20 it is possible within certain limits to break up the measured susceptibilities into a sum of local (atomic) contributions plus a nonlocal (molecular) contribution. In their paper Flygare et al. also proposed the out of plane molecular susceptibility, in our case %CCt nonlocal 5 as a measure of electron derealization over the ring. For the present investigation the original list 21 of local susceptibility tensors was extended to fluorine 22 . A detailed description of the procedure has been given in Refs. 22 and 23 and will not be repeated here. In Table 5 a list of presently available atomic susceptibility tensors is reproduced from which the local contribution to the molecular susceptibility tensor and nonlocal contributions are given for yaa, y^b and y cc for 3-methylfurane, 1,3-difluorbenzene and some related molecules. As is seen from the Zee, nonlocal data (c-axis perpendicular to the molecular plane), meta-substitution of the second fluorine atom is clearly more effective than ortho-substitution in quenching Zee. nonlocal ? i-e -the field induced molecular ring current. It should be noted that the difference of the nonlocal contributions to ycc is equal to the difference of the experimental £cc-values since the local contributions are the same for both difluorobenzenes and cancel in the difference. For a plot of the experimental out of plane minus average in plane susceptibilities of a greater number of aromatic molecules, which also indicates that the susceptibility anisotropy of isolated benzene molecules is greater than was assumed from molecular crystal measurements see Ref. 5 , page 113.
In Fig. 2 relative changes of Zee, nonlocal of 2-me thylfurane and 3-methylfurane with respect to furane itself are plotted together with relative changes in proton chemical shifts. The latter are defined as To compare relative chemical shifts with nonlocal contributions to the susceptibilities the shielding has been devided in a local contribution 0\ and a contribution from ringcurrents oring ; o = 0\ + oTing . Taking the sum over the ring protons and choosing ethene as standard was to compensate as far as possible for the local contribution Oj by o^. In this rather simplified picture the relative chemical shifts Taking into account that the underlying model is extremetly crude, Fig. 2 shows parallel trends for ^Xcc, rel and zl<3*i.
This finding indicates that there might be some hope for future attempts to link up Zeeman data for the molecular susceptibilities which NMR-shielding data.
